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(54) Information processing apparatus having a CPU and an auxiliary arithmetic unit 



(57) An information processing apparatus such as 
a microcomputer consisting of a CPU and a coprocessor 
is provided. The CPU and the coprocessor are connect- 
ed through a data bus and an address bus. Switches 



are disposed in the data bus and the address bus which 
block communication between the CPU and the coproc- 
essor upon execution of an instruction in the coproces- 
sor, thereby allowing the CPU 1 to operate in parallel to 
the coprocessor. 
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Description 

BACKGROUND OF THE INVENTION 

1 Technical Field of the Invention 

[0001] The present invention relates generally to an 
improvement on an information processing apparatus 
such as a microcomputer which has a CPU and an aux- 
iliary arithmetic unit such as a coprocessor for achieving 
high-speed operations. 

2 Background Art 

[0002] Computer systems are known in the art which 
perform a pipelined operation in which a plurality of in- 
structions are executed in a plurality of parallel steps 
concurrently and in an overlapped fashion. Specifically, 
a CPU divides the process of executing each instruction 
into five stages: IF (instruction fetch), ID (instruction de- 
code), EX (execution), MA (memory access), and WB 
(write back). The IF stage is a fetch operation which 
reads an instruction out of a peripheral memory such as 
a ROM or a RAM. The ID stage is a decode operation 
in which the instruction is decoded to indicate an oper- 
ation to be carried out. The EX stage is an execution 
operation in which the decoded operation is carried out. 
The MA stage involves a memory access to the periph- 
eral memory for transmission of data between the mem- 
ory and the CPU. The WB stage is a writing operation 
to write data in the peripheral memory. 
[0003] In recent years, microcomputers used in ma- 
chine control are required to achieve a high-speed op- 
eration of the CPU and improvement of ability to process 
digital signals. 

[0004] While the high-speed operation of the CPU 
may be realized to some extent by the pipelined opera- 
tion as described above, the improvement of ability to 
process digital signals requires either of the following 
two methods. 

[0005] The first is to install a DSP (Digital Signal Proc- 
essor) in the microcomputer independent of the CPU. 
[0006] The second is to connect a coprocessor de- 
signed to perform special arithmetic operations such as 
calculation of logarithm or the sum of products which the 
CPU cannot execute at high speeds with the CPU using 
a bus for allowing the coprocessor to perform the special 
arithmetic operations in response to a command issued 
by the CPU. 

[0007] The former is not practical because the DSP is 
bulky, and it is difficult to reduce the size of an LSI. 
[0008] The latter encounters a difficulty in executing 
operations concurrently in the CPU and the coproces- 
sor. Specifically, even if the CPU and the coprocessor 
gain access to different memories during operations, 
data from the CPU and the coprocessor are transmitted 
through the same bus, thus resulting in difficulty in prop- 
er access to the memories. The latter is, thus, useful in 



speeding the operation of the CPU, but has a limitation 
of improvement of ability to process digital signals. 

SUMMARY OF THE INVENTION 
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[0009] It is therefore a principal object of the present 
invention to avoid the disadvantages of the prior art. 
[0010] It is another object of the present invention to 
provide an information processing apparatus which has 

io a CPU and a coprocessor and which is capable of exe- 
cuting instructions at high speeds. 
[0011] According to one aspect of the invention, there 
is provided an information processing apparatus which 
comprises: (a) a central processing unit; (b) an auxiliary 

is arithmetic unit connected to the central processing unit 
through a bus, the auxiliary arithmetic unit being respon- 
sive to a start command issued by the central process- 
ing unit to execute a given operation; and (c) a switch 
disposed in the bus to selectively establishing and 

20 blocking communication between the central process- 
ing unit and the auxiliary arithmetic unit 4. The blocking 
of the communication allows the central processing unit 
and the auxiliary arithmetic unit to operate in parallel to 
each other. 

2S [0012] In the preferred mode of the invention, the aux- 
iliary arithmetic unit has memory locations one for each 
of preselected operations. When data is written by the 
central processing unit into one of the memory locations, 
the auxiliary arithmetic unit executes a corresponding 

30 one of the preselected operations on the data written 
into the one of the memory locations and outputs a sig- 
nal to the switch to block the communication between 
the central processing unit and the auxiliary arithmetic 
unit. 

35 [0013] A second bus is further provided which is iso- 
lated from the bus and which connects with the auxiliary 
arithmetic unit . A memory is provided which connects 
with the second bus and which stores therein data on 
constants used in the operations executed by the aux- 

40 iliary arithmetic unit.. 

[0014] According to another aspect of the invention, 
there is provided an information processing apparatus 
which comprises: (a) a central processing unit; (b) an 
auxiliary arithmetic unit connected to the central 

45 processing unit through a bus; (c) a register installed in 
the auxiliary arithmetic unit which has memory locations 
one for each of preselected operations, when data is 
written by the central processing unit into one of the 
memory locations, the auxiliary arithmetic unit executing 

so a corresponding one of the preselected operations on 
the data written into the one of the memory locations; 
and (d) a dual port memory having two pairs of ports 
through which data is written into and read out of the 
dual port memroy, one of each pair of ports being con- 

55 nected to the bus and the other being connected to the 
auxiliary arithmetic unit through a second bus for allow- 
ing the CPU and the auxiliary arithmetic unit to operate 
in parallel to each other. 
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[0015] In the preferred mode of the invention, a third 
bus is f uther provided which is isolated from the bus and 
the second bus and which connects with the auxiliary 
arithmetic unit . A memory is provided which connects 
with the third bus and which stores therein data on con- s 
stants used in the operations executed by the auxiliary 
arithmetic unit.. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[001 6] The present invention will be understood more 
fully from the detailed description given hereinbelowand 
from the accompanying drawings of the preferred em- 
bodiments of the invention, which, however, should not 
be taken to limit the invention to the specific embodi- is 
ments but are for the purpose of explanation and under- 
standing only. 
[0O17] In the drawings- 
Fig. 1 is a block diagram which shows an informa- so 
tion processing apparatus according to the first em- 
bodiment of the invention; 

Fig. 2 illustrates memory locations of a register unit 
of a coprocessor; 

Fig. 3(a) is a time chart which shows a sequence of 2S 
operations executed by a CPU; 
Fig. 3(b) is a time chart which shows a sequence of 
operations executed by a coprocessor; 
Fig. 4(a) illustrates an overall operation of a con- 
ventional microcomputer; 30 
Fig. 4(b) illustrates an overall operation of the infor- 
mation processing apparatus shown in Fig. 1 ; 
Fig. 5 is a block diagram which shows an informa- 
tion processing apparatus according to the second 
embodiment of the invention; 35 
Fig. 6 illustrates memory locations of a register unit 
of a coprocessor in the second embodiment; 
Fig. 7(a) is a time chart which shows a sequence of 
operations executed by a CPU; 

Fig. 7(b) is a time chart which shows a sequence of 40 
operations executed by a coprocessor; 
Fig. 8(a) illustrates an overall operation of a con- 
ventional microcomputer; 

Fig. 8(b) illustrates an overall operation of the infor- 
mation processing apparatus shown in Fig. 5; 45 
Fig. 9(a) is a state transition diagram of a conven- 
tional microcomputer not having separation switch- 
es; 

Fig. 9(b) is a state transition diagram of information 
processing apparatuses of the first and second em- so 
bodiments; 

Fig. 1 0 is a block diagram which shows an informa- 
tion processing apparatus according to the third 
embodiment of the invention; and 

Fig. 1 1 is a block diagram which shows an informa- ss 
tion processing apparatus according to the fourth 
embodiment of the invention. 



[0018J Referring now to the drawings, wherein like 
numbers refer to like parts in several views, particularly 
to Fig. 1 ..there is shown an information processing ap- 
paratus 100 such as a microcomputer. 
[0019] The information processing apparatus 1 00 in- 
cludes generally a CPU 1 which performs arithmetical 
and logical operations such as addition, subtraction etc 
and shift operations, a ROM 2 which stores programs 
to be carried out by the CPU 1, a RAM 3 which stores 
results of operations carried out by the CPU 1 tempo- 
rarily, an auxiliary arithmetic unit or coprocessor 4 which 
performs, special arithmetic operations (e g factorial 
exponential, logarithmic, sine, cosine, and tangent cal- 
culations), and a RAM 5 which temporarily stores data 
on operations to be carried out by the coprocessor 4 
[0020] TheCPU Mhe coprocessor, the ROM 2, and 
the RAMs 3 and 5 are connected to each other through 
a data bus 6 and an address bus 7. 
[0021] Disposed in portions of the data bus 6 and the 
address bus 7 between the RAM 3 and RAM 5 are sep- 
aration switches 8 and 9 which are responsive to a con- 
trol signal S, as will be described later in detail, outputted 
from the coprocessor 4 to selectively make and break 
connections in the data bus 6 and the address bus 7 
The ROM 2, the CPU 1 , and the RAM 3 are connected 
at all times through the data bus 6 and the address bus 

[0022] The information processing apparatus 100 al- 
so includes an interruption controller (INTC) 10 which 
controls an interrupt action of the CPU 1. The interrup- 
tion controller 10 connects with the coprocessor 4 and 
the CPU 11 through control lines 11 and 12, respectively 
The interruption controller 10 is responsive to an inter- 
ruption standby signal from the coprocessor 4 throuqh 
the control line 11 to prohibit the CPU 1 from executing 
a given interruption routine and enables execution of the 
interruption routine when an interrupt request signal is 
inputted from the coprocessor 4. 
[0023] The coprocessor 4 consists essentially of a 
control section 4-1 and an arithmetic section 4-2 The 
control section 4-1 is designed to control execution of 
an operation in the arithmetic section 4-2 which is spec- 
ified by the CPU 1 and connects with the arithmetic sec- 
tion 4-2 through a control line 4-3. The arithmetic section 
4-2 connects with the data bus 6. The control section 
4-1 connects with the address bus 7. 
[0024] The arithmetic section 4-2 includes a register 
unit 4-2-1 to which the CPU 1 gains access and an arith- 
metic unit 4-2-2. The control section 4-1 includes a de- 
coder unrt 4-1-1 and an address generating unit 4-1-2 
which outputs an address to the address bus 7 for ac- 
cess to the peripheral memories (i.e.. the ROM 2 and 
RAMs 3 and 5). 

[0025] The register unit 4-2-1 of the arithmetic section 
4-2. as shown in Fig. 2. has memory locations, as indi- 
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cated by addresses AO, A1, A2, in which different 
types of arithmetic operations are defined, respectively. 
[0026] When data from the CPU 1 is written in any 
one of memory locations of the register unit 4-2-1. as 
indicated by an address Ax (x = a positive integer), the s 
coprocessor 4 executes an operation specified by the 
address Ax using the written data and provides the con- 
trol signal S to open the separation switches 8 and 9 to 
block the connections in the data bus 6 and the address 
bus 7 for a period of time the operation is executed. 10 
[0027] When the separation switches 8 and 9 are 
opened, the CPU 1 has a difficulty in commanding the 
coprocessor 4 to start another operation. The coproc- 
essor 4, therefore, outputs a high-level signal to the CPU 
1 through the control line 1 3 during execution of the op- i$ 
eration to inhibit the CPU 1 from issuing the operation- 
starting command to the coprocessor 4. The CPU 1 may 
have a circuit which is designed to set a flag when issu- 
ing the operation-starting command to the coprocessor 
4 and reset the flag upon completion of the operation of 20 
the coprocessor 4 and outputs no ope rat ion -starting 
command during setting of the flag. Alternatively, the co- 
processor 4 may be designed to output an answer signal 
(i.e., an acknowledgement signal) to a request signal 
from the CPU 1 only when the operation is not executed. 2s 
The CPU 1 may not issue the operation-starting com- 
mand unless the CPU 1 receives the answer signal from 
the coprocessor 4. 

[0028] This embodiment employs direct addressing 
and indirect addressing modes in inputting data to the 30 
arithmetic section 4-2 of the coprocessor 4. In the direct 
addressing mode, data written by the CPU 1 in the reg- 
ister unit 4-2-1 is used as arithmetic data or operand as 
it is. In the indirect addressing mode, data written by the 
CPU 1 in the register unit 4-2-1 is used as an address 35 
pointer specifying a location in the RAM 5 where a cor- 
responding arithmetic data is stored. 
[0029] Specifically, the register unit 4-2-1 , as shown 
in Fig. 2, has two memory locations for each operation, 
one being used in the direct addressing mode and the *o 
other in the indirect addressing mode. For instance, the 
memory locations AO and A10 are provided for the fac- 
torial calculation in the direct addressing and indirect ad- 
dressing modes, respectively. 

[0030] The operation of the coprocessor 4 will be de- 
scribed below. 

[0031] First, an example where the coprocessor 4 ex- 
ecutes the exponential calculation in the indirect ad- 
dressing mode will be discussed. ^ 

K1 When the CPU 1 receives a memory transfer 
instruction and writes data in the memory location 
A11 of the register unit 4-2-1, as shown in Fig. 2, 
the decoder unit 4-1-1 of the control section 4-1 de- 
termines that an instruction given by the CPU 11 is 55 
to perform the exponential calculation in the indirect 
addressing mode. 

K2The decoder unit 4-1 -1 outputs the control signal 



S to open the separation switches 8 and 9, thereby 
blocking communication between the CPU 1 and 
the coprocessor 4 through the buses 6 and 7. 
K3 Next, the decoder unit 4-1-1 reads data out of 
the memory location A11 of the register unit 4-2-1 
through the control line 4-3 and output it to the ad- 
dress bus 7 through the address generating unit 
4-1-2. Simultaneously, the decoder unit 4-1-1 out- 
puts a read signal to the RAM 5 to transfer arithme- 
tic data stored in the RAM 5, as specified by the 
address pointer in the memory location A11 of the 
register unit 4-2-1 , to the arithmetic unit 4-2-2 of the 
arithmetic section 4-2 through the data bus 6. The 
separation switches 8 and 9 are, as described 
above, opened to block the communication be- 
tween the CPU 1 and the coprocessor 4 through the 
buses 6 and 7, thus allowing the coprocessor 4 to 
gain access to the RAM 5 independent of the CPU 
1 . Similarly, the CPU ^ may gain access to the ROM 
2 and the RAM 3 independent of the coprocessor 4. 
K4The decoder unit 4-1-1 outputs an exponential 
calculation control signal to the arithmetic unit 4-2-2 
through the control line 4-3. The arithmetic unit 
4-2-2 executes the exponential calculation on the 
arithmetic data read out of the RAM 5 and stores 
the result thereof in an operation result memory lo- 
cation of the register unit 4-2-1 which is provided, 
for example, in the last of the memory locations, as 
indicated by Am in Fig. 2. 

KSUpon completion of the operation in the arithme- 
tic unit 4-2-2. the decoder unit 4-1-1 outputs the 
control signal S to close the separation switches 8 
and 9. The operation of the coprocessor 4 termi- 
nates. 

[0032] When the separation switches 8 and 9 are 
closed, it allows the CPU 1 to read the data out of the 
operation result memory location Am of the register unit 
4-2-1 to analyze the result of the exponential calculation. 
[0033] The above steps K1 to K5 will be described in 
more detail, with reference to time charts shown in Figs. 
3(a) and 3(b). In the following discussion, it is assumed 
that the CPU 1 is designed to execute a typical five- 
stage pipelined operation in which one instruction is, as 
shown in Fig. 3(a), carried out in IF (instruction fetch), 
ID (instruction decode), EX (execution), MA (memory 
access), and WB (write back) stages, and a plurality of 
instructions are carried out in a parallel fashion with a 
time-offset of one stage cycle in synchronism with 
clocks CLK. 

[0034] In brief, the CPU 1 fetches an instruction from 
the ROM 2 in the IF stage, decodes the instruction 
through an internal decoder (not shown) in the ID stage, 
and executes the decoded instruction in the EX stage. 
Additionally, the CPU 1 uses the result of execution of 
the instruction in the EX stage as an address to gain 
access to peripheral memories (i.e., the ROM 2, the 
RAMs 3 and 5. and the register unit 4-2-1) in the MA 
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stage and write the result of execution of the instruction 
in the EX stage and/or data read out of the peripheral 
memories in the WB stage into an internal register (not 
shown) in the WB stage. 

[0035] Referring to Fig. 3(a), assuming that the CPU s 
1 fetches, in the IF stage ST1 of the first instruction 
processing cycle C1, a start instruction to have the co- 
processor 4 execute the exponential calculation in the 
indirect addressing mode (i.e., an instruction to write da- 
ta into the memory location All of the register unit 4*2-1) w 
from the ROM 2, the CPU 1 outputs, in the MA stage 
ST2, a chip enable signal CEN and a write enable signal 
WEN of lower levels that are active levels to the coproc- 
essor 4. The CPU 1 1 also outputs an address A1 1 to the 
address bus 7 and data to be written into a location of is 
the register unit 4-2-1 as specified by the address A11 
to the data bus 6. 

[0036] In the ID stage ST3, as shown in Fig. 3(b), the 
decoder unit 4-1-1 of the coprocessor 4 analyzes the 
chip enable signal CEN, the write enable signal WEN, 20 
and the address A11 to determine that the instruction 
given by the CPU 1 is to perform the exponential calcu- 
lation in the indirect addressing mode. The decoder unit 
4-1-1 also reads the data out of the location of the reg- 
ister unit 4-2-1 as specified by the address A11 which 25 
was written by the CPU 1 and activates the address gen- 
erating unit 4-1-2 to generate an address to be outputted 
to the address bus 7. 

[0037] In the MA stage ST4, the decoder unit 4-1-1 
switches the control signal S to the high level to open 30 
the separation switches 8 and 9 and outputs the address 
generated by the address generating unit 4-1-2 to the 
address bus 7. The decoder unit 4-1-1 also outputs a 
chip enable signal and an output enable signal of the 
low level to the RAM 5 to supply arithmetic data from a 35 
location of the RAM 5 as specified by the address sent 
through the address bus 7 to the coprocessor 4 through 
the data bus 6. 

[0038] In the following EX1 stage ST5, the decoder 
unit 4-1-1 switches the control signal S to the low level 40 
to close the separation switches 8 and 9. In both the 
EX1 stage ST5 and the subsequent EX2 stage ST6 : the 
arithmetic unit 4-2-2 executes the exponential calcula- 
tion. Note that the number of EX stages executed se- 
quentially by the coprocessor 4 depends upon the type *s 
of an instruction. In the shown example, two consecutive 
EX stages (i.e., EX1 and EX2) are provided following 
the MA stage. The control signal S may alternatively be 
changed to the low level in the WB stage following the 
EX2 stage. so 
[0039] In the WB stage, the result of execution of the 
exponential calculation carried out by the arithmetic unit 
4-2-2 is stored in the operation result memory location 
Am of the register unit 4-2-1. 

[0040] The CPU 1 is responsive to an instruction to ss 
fetch data from the register unit 4-2-1 of the coprocessor 
4 to provide the chip enable signal CEN and the output 
enable signal OEN of the low level that is an active level 



8 

to the coprocessor 4 in, for example, the MA stage ST8 
of the sixth instruction processing cycle C6. The CPU 1 
also outputs an address Am specifying the operation re- 
sult memory location Am of the register unit 4-2-1 to the 
address bus 7 to read the result of execution of the ex- 
ponential calculation out of the register unit 4-2-1 
through the data bus 6 and write it into the internal reg- 
ister thereof.. 

[0041] In a case where the CPU 1 writes data into the 
memory location A10 of the register unit 4-2-1, the fac- 
torial calculation is performed in the same steps as the 
above described K1 to K5 using arithmetic data stored 
in a location of the RAM 5 as specified by an address 
pointer, i.e., data held in the memory location A10of the 
register unit 4-2-1 . Similarly, in a case where the CPU 1 
writes data into the memory location A1 2 of the register 
unit 4-2-1, the logarithmic calculation is performed on 
arithmetic data stored in a location of the RAM 5 as 
specified by an address pointer, i.e., data held in the 
memory location A12 of the register unit 4-2-1. 
[0042] An example where the coprocessor 4 performs 
the exponential calculation in the direct addressing 
mode will be discussed below. 

D1 When the CPU 1 receives a memory transfer 
instruction and writes data in the memory location 
A11 of the register unit 4-2-1, as shown in Fig. 2, 
the decoder unit 4-1 -1 of the control section 4-1 de- 
termines that an instruction given by the CPU 11 is 
the exponential calculation in the direct addressing 
mode. 

D2The decoder unit 4-1 -1 outputs the control signal 
S to open the separation switches 8 and 9, thereby 
blocking communication between the CPU 1 and 
the coprocessor 4 through the buses 6 and 7. 
D3 Next, the decoder unit 4-1-1 outputs an expo- 
nential calculation control signal to the arithmetic 
unit 4-2-2 through the control line 4-3. The arithme- 
tic unit 4-2-2 executes the exponential calculation 
on arithmetic data written in the memory location A1 
of the register unit 4-2-1 and stores the result there- 
of in the operation result memory location Am of the 
register unit 4-2-1 . 

K4 Upon completion of the operation in the arithme- 
tic unit 4-2-2, the decoder unit 4-1-1 outputs the 
control signal S to close the separation switches 8 
and 9. 

[0043] In a case where the CPU 1 writes data into the 
memory location AO of the register unit 4-2-1 , the facto- 
rial calculation is performed in the same steps as the 
above D1 to D5, using arithmetic data stored in a loca- 
tion of the RAM 5 as specified by an address pointer, i. 
e., data held in the memory location AO of the register 
unit 4-2-1. Similarly, in a case where the CPU 1 writes 
data into the memory location A2 of the register unit 
4-2-1 , the logarithmic calculation is performed on arith- 
metic data stored in a location of the RAM 5 as specified 
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by an address pointer, i.e., data held in the memory lo- 
cation A2 of the register unit 4-2-1. 
[0044] An example of an overall operation of the in- 
formation processing apparatus 100 will be discussed 
below with reference to Figs. 4(a) and 4(b). 
[0045] In the drawings, A and B indicate programs in 
a main routine (i.e., main programs) executed in se- 
quence cyclically by the CPU 1 . C indicates a program 
in an interrupt routine executed by the CPU 1 . D indi- 
cates a program in the interrupt routine executed by the 
coprocessor 4 using the result of execution of the pro- 
gram C. Specifically, the program Dis a program to per- 
form a special arithmetic operation such as factorial, ex- 
ponential, logarithmic, sine t cosine, or tangent calcula- 
tion. E indicates is a program in the interrupt routine ex- 
ecuted by the CPU 1 using the result of execution of the 
program D. The last two instructions of the program C 
are a start instruction to start the program D (i.e., an in- 
struction to write data into any one of the locations of 
the register unit 4-2-1 of the coprocessor 4 to operate 
the coprocessor 4) and a return instruction to return the 
operation of the microcomputer 100 to the main pro- 
grams A and Bfrom the program C. 
[0046] When an interrupt occurs asynchronously dur- 
ing execution of the main program B for example, the 
CPU 1 saves the contents of the register, a program 
counter, and a status register disposed therein and ini- 
tiates the program C, as indicated by an arrow Y1 in Fig. 
4(b). 

[0047] When the CPU 1 executes the last two instruc- 
tions (i.e., the start instruction and the return instruc- 
tion), the coprocessor 4 starts, as indicated by an arrow 
Y2 in Fig. 4(b), to handle the program D (i.e., the special 
arithmetic operation). The CPU 1 resumes, as indicated 
by an arrow Y3 in Fig. 4(b), executing the main program 
R 

[0048] During execution of the program D, that is, op- 
eration of the coprocessor 4, the separation switches 8 
and 9 are, as described above, opened by the decoder 
unit 4-1-1 of the control section 4-1 to block the commu- 
nication between the CPU 1 and the coprocessor 4. This 
allows the CPU 1 to gain access to the ROM 2 and the 
RAM 3 independent of access of the coprocessor 4 to 
the RAM 5 so that the CPU 1 may execute the main 
programs A and Sin parallel to the program D executed 
by the coprocessor 4, thus resulting in a decrease in 
time required for the overall operation of the information 
processing apparatus 100. 

[0049] Upon completion of the program D, the control 
section 4-1 closes the separation switches 8 and 9 to 
connect the coprocessor 4 with the CPU 1 . Simultane- 
ously, the control section 4-1 outputs an interrupt re- 
quest signal to the interruption controller 10 to have the 
CPU 1 initiate the program E, as indicated by an arrow 
Y4 in Fig. 4(b), during execution of the program A for 
example. 

[0050] Subsequently, when the last instruction of the 
program E (i.e., the return instruction) is executed, the 



CPU 1 resumes executing the main program A. 
[0051] In this embodiment: the control section 4-1 of 
the coprocessor 4 opens the separation switches 8 and 
9 both in the direct addressing mode and in the indirect 

5 addressing mode, but may alternatively open the sepa- 
ration switches 8 and 9 only in the indirect addressing 
mode wherein it is required to gain access to the RAM 5. 
[0052] Fig. 5 shows an information processing appa- 
ratus or microcomputer 200 according to the second 

10 embodiment of the invention which is different from the 
first embodiment in that a ROM 14 storing therein con- 
stants used in executing the special arithmetic opera- 
tions in the coprocessor 4 is disposed in connection with 
the arithmetic section 4-2 and the control section 4-1 

1$ through the second data bus 1 5 and the second address 
bus 16. Other arrangements are identical, and explana- 
tion thereof in detail will be omitted here. 
[0053] The ROM 1 4 stores therein as the constants a 
plurality of filtering coefficients b[n] used in calculating 

20 the sum of products (Z (a[n] x b[n]) : n = 0, 1 , 2, • • N- 
1) through digital filtering in the coprocessor 4. The reg- 
ister unit 4-2-1 of the arithmetic section 4-2 of the co- 
processor 4 has, as shown in Fig. 6, three memory lo- 
cations A20, A21 .and A22 for use in calculating the sum 

25 of product in the digital filtering. 

[0054] In the memory location A20, an address point- 
er is written by the CPU 1 which indicates a location of 
the RAM 5 where first arithmetic data a[0] used in cal- 
culating the sum of products is held. In the memory \o- 

30 cation A21, an address pointer is written by the CPU 1 
which specifies a location of the RAM 14 where a first 
filtering coefficient b[0] is held. In the memory location 
A22. data N on the number of products to be summed 
up (i.e., the filtering order) is written by the CPU 1 . 

35 [0055] The calculation of the sum of product is per- 
formed by the coprocessor 4 in the following manner. 
Assume that the CPU 1 prestores in the RAM 5 arith- 
metic data (a[n] : n = 0, 1 , 2, • ■ * , N-1 ) used in calculating 
the sum of products. Other arithmetic operations are ex- 

40 ecuted in the same manner as discussed in the first em- 
bodiment. 

W1 When the CPU 1 receives a memory transfer 
instruction and writes data, in sequence, into the 

45 memory locations A20, A21 . and A22 of the register 
unit 4-2-1 , the decoder unit 4-1-1 of the control sec- 
tion 4-1 determines based on writing of the data N 
in the memory location A22 that an instruction given 
by the CPU 1 1 is to perform the sum of product cal- 

50 culation. 

W2Jhe decoder unit 4-1-1 outputs the control sig- 
nal S to open the separation switches 8 and 9, 
thereby blocking communication between the CPU 
1 and the coprocessor 4 through the buses 6 and 7. 

55 W3 Next, the decoder unit 4-1-1 fetches the data N 
from the memory location A22 of the register unit 
4-2-1 through the control line 4-3 and stores it in an 
internal register as a parameter indicating the 



6 



BNSDOCID: <EP 0936540A2J_> 



11 



EP 0 936 540 A2 



12 



number of products to be summed up. 
W4 The decoder unit 4-1-1 fetches data or address 
pointers from the memory locations A20 and A21 
which specify the location of the RAM 5 where the 
first arithmetic data a[0] is held and the location of 
the RAM 14 where the first filtering coefficient bfO] 
is held and outputs them to the address bus 7 and 
the second address bus 16, respectively 



[0056] Simultaneously, the decoder unit 4-1-1 outputs 
read signals to the RAM 5 and the ROM 14 to transfer 
the first arithmetic data a(0] specified by the address 
pointer stored in the memory location A20 and the first 
filtering coefficient b[0] specified by the address pointer 
stored in the memory location A21 to the arithmetic unit 
4-2-2 of the arithmetic section 4-2 through the data bus 
6 and the second data bus 15. 

W5 The decoder unit 4-1-1 outputs a sum-of-prod- 
uct calculation control signal to the arithmetic unit 
4-2-2 through the control line 4-3. The arithmetic 
unit 4-2-2 performs the first calculation of the sum 
of products using the arithmetic data a[0] and the 
filtering coefficient b[0] read out of the RAM 5 and 
the ROM 14 and stores the result thereof in the op- 
eration result memory location Am of the register 
unit 4-2-1. 

[0057] Subsequently, the decoder unit 4-1-1 repeats 
steps W6 and W7, as discussed below, N times based 
on a count value of an internal counter to sum up N prod- 
ucts. 

W6The decoder unit 4-1-1 outputs data, derived by 
adding or subtracting a given offset (e.g., 1) to or 
from data previously outputted to the address bus 
7, to the address bus 7 through the address gener- 
ating unit 4-1-2. Additionally, the decoder unit 4-1-1 
outputs data, derived by adding or subtracting a giv- 
en offset (e.g., 1) to or from data previously output- 
ted to the address bus 16, to the address bus 16 
through the address generating unit 4-1-2. 

[0058] Simultaneously, the decoder unit 4-1-1 outputs 
the read signals to the RAMS and the ROM 14 to trans- 
fer the nth arithmetic data a[n] (n^2) stored in the RAM 
5 and the nth filtering coefficient b[n] stored in the ROM 
14 to the arithmetic unit 4-2-2 of the arithmetic section 
4-2 through the data bus 6 and the second data bus 1 5. 

W7Further, the decoder unit 4-1-1 outputs the sum- 
of-product calculation control signal to the arithme- 
tic unit 4-2-2 through the control line 4-3. The arith- 
metic unit 4-2-2 performs the nth calculation of the 
sum of products using the arithmetic data a(n] and 
the filtering coefficient b[n] read out of the RAM 5 
and the ROM 14 and stores the result thereof in the 
operation result memory location Am of the register 
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unit 4-2-1 to update the data therein. 
W8 After the above steps W6 and W7 are executed 
N times, the decoder unit 4-1-1 outputs the control 
signal S to close the separation switches 8 and 9 to 
complete the operation of the coprocessor 4. The 
CPU 1 reads the data out of the operation results 
memory location Am of the register unit 4-2-1 to find 
the result of calculation of the sum of products (^(a 
[n]xb[n]). 



[0059] The above steps W1 to W8 will be described 
in more detail, with reference to time charts shown in 
Figs. 7(a) and 7(b). 

[0060] It is assumed that the CPU 1 is designed to 
15 execute a typical five-stage pipelined operation, that the 
CPU 1 fetches, in the IF stage ST11 of the first instruc- 
tion processing cycle CI, a start instruction to have the 
coprocessor 4 execute the calculation of the sum of 
products (i.e., an instruction to write data into the mem- 
20 ory location A22 of the register unit 4-2-1 ) from the ROM 
2, and that the coprocessor 4 executes the calculation 
of the sum of products N times in sequence (i.e., the 
data N written into the memory location A22 of the reg- 
ister unit 4-2-1 represents four (4)). 
2S [0061] In the MA stage ST12 of the first instruction 
processing cycle CI, the CPU 1 outputs to the coproc- 
essor 4 a chip enable signal CEN and a write enable 
signal WEN of lower levels that are active levels. The 
CPU 1 1 also outputs an address A22 to the address bus 
30 7 and data to be written into a location of the register 
unit 4-2-1 as specified by the address A22 to the data 
bus 6. 

[0062] In the ID stage ST13 of the first instruction 
processing cycle C21 , as shown in Fig. 7(b), the decod- 
es er unit 4-1 -1 of the coprocessor 4 analyzes the chip en- 
able signal CEN, the write enable signal WEN, and the 
address A22 to determine that the instruction given by 
the CPU 1 is to perform the calculation of the sum of 
products. The decoder unit 4-1 -1 also reads the data out 
40 of the locations of the register unit 4-2-1 as specified by 
the addresses A20, A21 , and A22 which were written by 
the CPU 1 and activates the address generating unit 
4-1 -2 to generate addresses to be outputted to the ad- 
dress buses 7 and 16. The data read out of the memory 
45 location A20 of the register unit 4-2-1 represents the ad- 
dress to be outputted to the address bus 7. The data 
read out of the memory location A21 represents the ad- 
dress to be outputted to the second address bus 16. 
[0063] In the MA stage ST14, the decoder unit 4-1-1 
so switches the control signal S to the high level to open 
the separation switches 8 and 9 and outputs the ad- 
dresses generated by the address generating unit 4-1-2 
to the address bus 7 and the second address bus 16. 
The decoder unit 4-1 - 1 also outputs a chip enable signal 
ss and an output enable signal of the low level to the RAM 
5 and the ROM 16 to transfer arithmetic data and a fil- 
tering coefficient from locations of the RAM 5 and the 
ROM 1 6 as specified by the addresses sent through the 
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address bus 7 and the second address bus 16 to the 
coprocessor 4 through the data bus 6 and the second 
data bus 15. respectively. 

[0064] In the EX1 stage ST15 and the following EX2 
stage ST16, the arithmetic unit 4-2-2 performs the cal- 
culation of the sum of products one time on the arithme- 
tic data and the filtering coefficient read out of the RAM 
5 and the ROM 14 in the MA stage ST14. Note that the 
number of EX stages executed sequentially by the co- 
processor 4 depends upon the type of an instruction. In 
the shown example, two consecutive EX stages (i.e., 
EX1 and EX2) are provided following the MA stage. 
[0065] In the WB stage, the coprocessor 4 stores the 
result of the calculation in the operation result memory 
location Am of the register unit 4-2-1 . If the sum of prod- 
ucts is calculated sequentially, the result may be stored 
temporarily in an accumulator and not the register unit 
4-2-1. 

[0066] The operations of the coprocessor 4 as dis- 
cussed so far are executed in the first instruction 
processing cycle C21 to make the first calculation of the 
sum of products. Following calculations of the sum of 
products are, as clearly shown in Fig. 7(b), performed 
in parallel in the pipelined operation. 
[0067] For example, in a case where the sum of prod- 
ucts is calculated in sequence five times, the five calcu- 
lations are carried out in the five instruction processing 
cycles C21 to C25 with time-Offsets of one stage. In the 
(D stage of each of the instruction processing cycles 
C22 to C25 following the first one C21 . the decoder unit 
4-1-1 adds or subtracts a given offset (e.g.. 1) to or from 
data previously outputted to each of the address buses 
7 and 16 and outputs it to each of the address buses 7 
and 16 through the address generating unit 4-1-2. 
[0066] The control signal S outputted to each of the 
separation switches 8 and 9 is, as shown in Fig. 7(b), 
kept at the high level for a period of time the MA stages 
of the instruction processing cycles C21 to C25 are ex- 
ecuted in sequence, thereby allowing the CPU 1 to op- 
erate in parallel to the coprocessor 4. Upon completion 
of the MA stage ST18 of the fifth instruction processing 
cycle C25, the control signal S is changed to the low 
level to close the separation switches 8 and 9. Simulta- 
neously, the coprocessor 4 outputs the interrupt request 
signal INTR of the high level to the control line 1 1 to allow 
the CPU 1 to read data (i.e., the result of calculation of 
the sum of products) out of the operation result memory 
location Am of the register unit 4-2-1 in the interrupt rou- 
tine. 

[0069] Usually, entrance of a CPU into an interrupt 
routine requires execution of an operation of an interrupt 
sequencer to save the contents of a register, a program 
counter, and a status register. It is, thus, advisable that 
the timing with which the interrupt request signal INTR 
is outputted, that is, changed to the high level be deter- 
mined depending upon the number of cycles in which 
the operation of the interrupt sequencer is executed for 
allowing the CPU 1 to execute an instruction in the in- 



terrupt routine to read the result of calculation of the sum 
of products out of the coprocessor 4 immediately after 
completion of the operation of the coprocessor 4. In the 
shown example, the interrupt request signal INTR is 

s changed to the high level in the EX1 stage ST18 of the 
final instruction processing cycle C25. 
[0070] When the CPU 1 reads the result of calculation 
out of the coprocessor 4, it outputs the chip enable sig- 
nal CEN and the output enable signal OEN of the low 

io level that is an active level to the coprocessor 4, similar 
to the MA stage ST3 of the sixth instruction processing 
cycle C6 in Fig. 3(a) and also outputs an address Am 
specifying the operation result memory location Am of 
the register unit 4-2-1 to the address bus 7. 

is [0071] An example of an overall operation of the mi- 
crocomputer 200 will be discussed below with reference 
to Figs. 8(a) and 8(b). 

[0072] A and B indicate main programs executed in 
sequence cyclically by the CPU 1. D indicates a program 

20 in a subroutine which is executed by the coprocessor 4 
to make a calculation of the sum of products in the digital 
filtering using the result of an operation of the main pro- 
gram B. C indicates a program in an interrupt routine 
executed by the CPU 1 using the result of an operation 

25 of the program D. 

[0073] The last two instructions of the program B are 
a start instruction to start the program D (i.e. , an instruc- 
tion to write data into the memory locations A20, A21, 
and A22 of the register unit 4-2-1 of the coprocessor 4 

30 to have the coprocessor 4 execute the calculation of the 
sum of products) and a return instruction to return the 
operation of the microcomputer 200 to the first step of 
the main program A from the program B. 
[0074] Upon execution of the last two instructions of 

35 the program B in the CPU 1, the coprocessor 4, as in- 
dicated by an arrow Y6 in Fig. 8(b), performs the pro- 
gram Dto calculate the sum of product. The CPU 1 ex- 
ecutes a sequence of the main programs A and B again. 
[0075] During the execution of the program D, that is, 

40 operation of the coprocessor 4, the separation switches 
8 and 9 are, as described above, opened to separate 
the CPU 1 from the coprocessor 4, thereby allowing the 
CPU 1 to execute the main programs A and B in parallel 
to the program D executed by the coprocessor 4, thus 

45 resulting in a decrease in time required for the overall 
operation of the microcomputer 200. 
[0076] Upon completion of the program D, the control 
section 4-1 closes the separation switches 8 and 9 to 
connect the coprocessor 4 with the CPU 1. Simultane- 

50 ously, the control section 4-1 outputs the interrupt re- 
quest signal to the interruption controller 10 to have the 
CPU 1 initiate the program C, as indicated by an arrow 
Y7 in Fig. 8(b). 

[0077] Subsequently, when the last instruction of the 
55 program C (i.e., the return instruction) is executed, the 
CPU 1 resumes executing a sequence of the main pro- 
grams A and B, as indicated by an arrow Y8 in Fig. 8(b). 
[0078] The separation switches 8 and 9 are, as de- 
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scribed above, opened to isolate the CPU 1 from the 
coprocessor 4 during the execution of the program D. If 
the separation switches 8 and 9 are not installed in the 
data bus 6 and the address bus 7, the program C, as 
shown in Fig. 8(a), needs to be performed immediately 
following the program D in the subroutine, so that the 
sequence of the main programs A and B cannot be per- 
formed in parallel to the program D. 
[0079] The coprocessor 4, as described above, con- 
nects with the ROM 14 through the second data bus 15 
and the second address bus 16 independent of the data 
bus 6 and the address bus 7. This allows the coproces- 
sor 4 to read the arithmetic data and the filtering coeffi- 
cient out of the RAM 5 and the ROM 14 simultaneously 
to calculate the sum of products effectively within a de- 
creased operation time. 

[0080] The comparison of the microcomputers 100 
and 200 of the invention with a conventional microcom- 
puter in terms of the advantage offered by use of the 
separation switches 8 and 9 will be discussed below with 
reference to Figs. 9(a) and 9(b). In the following discus- 
sion, it is assumed that the conventional microcomputer 
has substantially the same circuit structure as that of 
one of the microcomputers 100 and 200 except the sep- 
aration switches 8 and 9. 

[0081] Fig. 9(a) is a state transition diagram of the 
conventional microcomputer. Fig. 9(b) is a state transi- 
tion diagram of the microcomputers 100 and 200. In the 
following discussion, "CoPro" indicates the coprocessor 
4. 

[0082] The conventional microcomputer, as clearly 
shown in Fig. 9(a), has three states: a reset state Ja1, 
a CPU active state Ja2 : and a CoPro active state Ja3. 
[0083] In the reset state Ja1, the contents of a pro- 
gram register and a status register of the CPU 1 are 
cleared. In the CPU active state Ja2, the CPU is exe- 
cuting instructions stored in the ROM 2 or a sequencer 
installed in the CPU 1 is active in the exception process- 
ing, while the CoPro (i.e., the coprocessor 4) holds the 
contents of an internal register thereof without executing 
an instruction in a subsequent cycle (i.e., a CoPro inac- 
tive state). In the CoPro active state Ja3, the CoPro is 
executing a CoPro start instruction (i.e., an instruction 
to write data into the register unit 4-2-1) given by the 
CPU 1 , while the CPU 1 holds the contents of the inter- 
nal register thereof without executing an instruction in a 
subsequent cycle (i.e., a CPU inactive state). 
[0084] The state transition of the conventional micro- 
computer will be discussed below. 
[0085] Initially, the microcomputer is in the reset state 
Ja1 . After a reset signal is released, the CPU active 
state Ja2 is entered without reservation. 
[0086] In the CPU active state Ja2, the CPU 1 is not 
subjected to a state transition as long as it is executing 
an instruction or a sequence of instructions and, upon 
execution of the CoPro start instruction, goes to the CPU 
inactive state so that the CoPro active state Ja3 is en- 
tered. 



[0087] In the CoPro active state Ja3, the CoPro is op- 
erating and, upon completion of the operation, goes to 
the CoPro inactive state (i.e., the CPU active state Ja2). 
[0088] When the whole operation of the microcomput- 

5 er is reset, the rest state Jal is entered. 

[0089] The microcomputers 1 00 and 200 of the inven- 
tion, as shown in Fig. 9(b), has four states: a reset state 
Jb1 , a CPU active/CoPro inactive state Jb2 : a CPU ac- 
tive/CoPro active state Jb3, and a CPU inactive/CoPro 

io active state Jb4. 

[0090] The reset state Jb1 is identical with the reset 
state Ja1. In the CPU active/CoPro inactive state Jb2, 
the CPU 1 is in the same state as the CPU active state 
Ja2, and the CoPro is at rest. In the CPU active/CoPro 

*s active state Jb3, the CPU 1 is in the same state as the 
CPU active state Ja2, and the CoPro is in the same state 
as the CoPro active state Ja3. In the CPU inactive/Co- 
Pro aactive state Jb4, the CPU 1 is at rest, and the Co- 
Pro is in the same state as the CoPro active state Ja3. 

20 [0091] The state transition of the microcomputers 1 00 
and 200 will be discussed below. 

[0092] Initially, the microcomputers 100 and 200 are 
in the reset state Jb1. After a reset signal is released, 
the CPU active/CoPro inactive state Jb2 is entered with- 

25 out reservation. 

[0093] In the CPU active/CoPro inactive state Jb2, the 
CPU 1 is not subjected to a state transition as long as it 
is executing an instruction or a sequence of instructions 
and, upon execution of the CoPro start instruction, goes 

30 to the CPU active/CoPro active state Jb3 so that the 
CPU 1 and the CoPro operate in parallel to each other. 
[0094] Upon completion of an operation of the CoPro, 
the CPU active/CoPro active state Jb3 returns back to 
the CPU active/CoPro inactive state Jb2. If, however, a 

35 subsequent instruction read by the CPU 1 out of the 
ROM 2 is the CoPro start instruction, the CPU active/ 
CoPro active state Jb3 goes to the CPU inactive/Co Pro 
active state Jb4. This is because that during operation 
of the CoPro, a signal outputted from the CoPro to the 

40 CPU 1 through the control line 13 is, as described 
above, at the high level. In the CPU inactive/Co Pro ac- 
tive state Jb4, the CoPro is performing an operation as 
specified by the CoPro start instruction given by the 
CPU 1 in the CPU active/CoPro inactive state Jb2. and 

45 the CPU 1 is at rest without executing a subsequent Co- 
Pro start instruction read out of the ROM 2. 
[0095] In the CPU inactive/CoPro active state Jb4, the 
CoPro is operating and, upon completion of the opera- 
tion, goes to the CPU active/CoPro active state Jb3. An 

so instruction executed by the CoPro in the CPU active/ 
CoPro active state Jb3 is not the CoPro start instruction 
provided in the first CPU active/CoPro inactive state 
Jb2, but a CoPro start instruction which is read by the 
CPU 1 out of the ROM 2 immediately before entering 

ss the CPU inactive/CoPro active state Jb4. 

[0096] When the whole operation of the microcomput- 
er is reset, the rest state Jb1 is entered. 
[0097] The comparison between Figs. 9(a) and 9(b) 
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shows that the conventional microcomputer has no 
state in which the CPU 1 and the CoPro operate in par- 
allel to each other, but the microcomputers 100 and 200 
of this invention have the CPU active/CoPro active state 
Jb3 in which the CPU 1 and the CoPro operate simulta- 
neously. This is a significant feature of the invention 
which is achieved by the use of the separation switches 
8 and 9 in the buses 6 and 7. 

[0098] Fig. 1 0 shows a microcomputer 300 according 
to the third embodiment of the invention. The same ref- 
erence numbers as employed in the first embodiment 
will refer to the same parts, and explanation thereof in 
detail will be omitted here. 

[0099] The microcomputer 300 does not have the 
separation switches 3 and 9 used in the first and second 
embodiments and instead includes a dual port RAM 17 
from and into which two data are read and written simul- 
taneously through a pair of address port PA1 and PA2 
and a pair of data ports PD1 and PD2. 
[0100] The data port PD1 and the address port PA1 
are connected to the data bus 6 and the address bus 7, 
respectively. The data port PD2 and the address port 
PA2 are connected to the coprocessor 4 through the 
second data bus 18 and the second address bus 19 
which are separate from the data bus 6 and the address 
bus 7, respectively. Specifically, the data port PD2 com- 
municates with the arithmetic section 4-2 of the coproc- 
essor 4 through the second data bus 18. The address 
port PA2 communicates with the control section 4-1 of 
the coprocessor 4 through the second address bus 19. 
[0101] The dual port RAM 17 is used instead of the 
RAMs 3 and 5 as employed in the first embodiment. 
Specifically, the CPU 1 writes the result of an operation 
executed therein and arithmetic data that is an operand 
entering the coprocessor 4 into the dual port RAM 17 
through the data bus 6, the address bus 7, and the data 
port PD1 and reads required data out of the dual port 
RAM 17. 

[0102] When the coprocessor 4 operates in the indi- 
rect addressing mode, it reads the arithmetic data writ- 
ten by the CPU 1 out of the dual port RAM 17 through 
the second data bus 18, the address bus 19, the data 
port PD2 and the address port PA2. 
[01 03] The circuit arrangement of this embodiment al- 
lows the CPU 1 and the coprocessor 4 to gain access 
to the dual port RAM 17 independently so that the CPU 
1 1 and the coprocessor 4 can operate in parallel to each 
other. This results in a decrease in time required for the 
overall operation of the microcomputer 300. 
[0104] Fig. 11 shows a microcomputer 400 according 
to the fourth embodiment of the invention. 
[0105] This embodiment is, as can be seen from the 
drawing, a combination of the second and third embod- 
iments as shown in Figs. 5 and 10. Specifically, the mi- 
crocomputer 400 is different from the one shown in Fig. 
10 only in that the ROM 14 storing therein constants 
used in executing the special arithmetic operations in 
the coprocessor 4 is disposed in connection with the 



arithmetic section 4-2 and the control section 4-1 
through the second data bus 1 5 and the second address 
bus 16. Other arrangements are identical, and explana- 
tion thereof in detail will be omitted here. 

5 [0106] While the present invention has been dis- 
closed in terms of the preferred embodiments in order 
to facilitate better understanding thereof, it should be ap- 
preciated that the invention can be embodied in various 
ways without departing from the principle of the inven- 

io tion. Therefore, the invention should be understood to 
include all possible embodiments and modifications to 
the shown embodiments which can be embodied with- 
out departing from the principle of the invention as set 
forth in the appended claims. 

is [0107] For example, the coprocessor 4 establishes in- 
put of the arithmetic data into the arithmetic section 4-2 
both in the direct addressing mode and indirect address- 
ing mode, but instead of the indirect addressing mode, 
an addressing mode with a displacement, a post incre- 

20 ment, or a decrement may be used. The addressing 
mode is determined for each address or memory loca- 
tion of the register unit 4-2-1, but a preselected bit of 
data to be written by the CPU 1 into the register unit 
4-2-1 may be used as an identifier for providing an indi- 

25 cation of the type of addressing mode to the coproces- 
sor 4. In this case, the number of addresses used in the 
register unit 4-2-1 may be decreased. 
[01 08] Further, a specified bit of data to be written into 
the register unit 4-2-1 may be used as an instruction 

30 identifier which indicates the type of instruction. 

[0109] The ROM 14 of the microcomputers 200 and 
400 in the second and fourth embodiments may be re- 
placed with a RAM to which data on constants are trans- 
ferred upon initiation of an operation of each of the mi- 
ss crocomputers 200 and 400. 

[0110] The coprocessor 4 of each of the third and 
fourth embodiments may write the result of an operation 
thereof into the dual port RAM 1 7. In this case, the CPU 
1 reads the result of the operation of the coprocessor 4 

40 out of the data port PD1 and the address port PA1 of the 
dual port RAM 17. 



Claims 

45 

1. An information processing apparatus comprising: 

a central processing unit; 

an auxiliary arithmetic unit connected to said 

50 central processing unit through a bus, said aux- 

iliary arithmetic unit being responsive to a start 
command issued by said central processing 
unit to execute a given operation; and 
a switch disposed in the bus to selectively es- 

55 tablishing and blocking communication be- 

tween said central processing unit and said 
auxiliary arithmetic unit 4, the blocking of the 
communication allowing said central process- 
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ing unit and said auxiliary arithmetic unit to op- 
erate in parallel to each other. 

2. An information processing apparatus as set forth in 
claim 1 , wherein said auxiliary arithmetic unit has 5 
memory locations one for each of preselected op- 
erations, when data is written by said central 
processing unit into one of the memory locations, 
said auxiliary arithmetic unit executing a corre- 
sponding one of the preselected operations on the io 
data written into the one of the memory locations 
and outputting a signal to said switch to block the 
communication between said central processing 
unit and said auxiliary arithmetic unit. 

is 

3. An information processing unit as set forth in claim 
1 , further comprising a second bus which is isolated 
from said bus and which connects with said auxil- 
iary arithmetic unit . 

20 

4. An information processing unit as set forth in claim 
3, further comprising a memory which connects with 
said second bus and which stores therein data on 
constants used in the operations executed by said 
auxiliary arithmetic unit. 2S 

5. An information processing apparatus comprising: 

a central processing unit; 

an auxiliary arithmetic unit connected to said 30 
central processing unit through a bus; 
a register installed in said auxiliary arithmetic 
unit which has memory locations one for each 
of preselected operations, when data is written 
by said central processing unit into one of the 35 
memory locations : said auxiliary arithmetic unit 
executing a corresponding one of the prese- 
lected operations on the data written into the 
one of the memory locations; and 
a dual port memory having two pairs of ports 40 
through which data is written into and read out 
of the dual port memroy, one of each pair of 
ports being connected to said bus and the other 
being connected to said auxiliary arithmetic unit 
through a second bus for allowing said CPU 45 
and said auxiliary arithmetic unit to operate in 
parallel to each other. 

6. An information processing unit as set forth in claim 

5, further comprising a third bus which is isolated so 
from said bus and said second bus and which con- 
nects with said auxiliary arithmetic unit . 

7. An information processing unit as set forth in claim 

6, further comprising a memory which connects with ss 
said third bus and which stores therein data on con- 
stants used in the operations executed by said aux- 
iliary arithmetic unit.. 
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